INTRODUCTION
============

One of the most important issues for treating patients with early stage breast cancer is determining those who could benefit from adjuvant chemotherapy and which chemotherapy regimen would provide the best results. Prognostic factors can be used to predict the natural history of breast cancer, so they are included in the decision to apply adjuvant systemic chemotherapy for patients with breast cancer. Currently, the presence of axillary lymph node involvement, tumor size, nuclear grade, hormone receptor status, and patient age are well-known prognostic factors for patients with operable invasive breast cancer \[[@B1]\]. These prognostic factors are widely used to determine whether to apply adjuvant chemotherapy in patients with breast cancer. Among the prognostic factors, axillary lymph node involvement is the most significant \[[@B1],[@B2]\]. Because the presence of lymph node involvement shows that the cancer has already developed the ability for distant metastasis \[[@B2]-[@B4]\]. Thus, the presence of axillary lymph node involvement predicts the choice of adjuvant chemotherapy and radiation therapy after surgery for primary breast cancer \[[@B5]\].

Lymphovascular invasion (LVI) is defined as tumor emboli present within a definite endothelial-lined space in the breast surrounding invasive carcinoma \[[@B6],[@B7]\]. The existence of LVI may help identify who is at increased risk for axillary lymph node and distant metastasis \[[@B2],[@B3]\] Although LVI has been accepted as an important prognostic factor in patients with lymph node-negative invasive breast cancer \[[@B8]\], LVI is controversial regarding prognostic value in patients with lymph node-positive breast cancer \[[@B3],[@B9]-[@B11]\]. The aim of this study was to analyze the prognostic significance of LVI in a large cohort study of patients with lymph node-positive invasive breast cancer.

METHODS
=======

Patients and methods
--------------------

From January 2004 to December 2007, we retrospectively reviewed 989 patients with invasive breast cancer that had undergone surgical treatment at the Department of Surgery, Chonnam National University Hospital. In total, 596 lymph node-negative and 371 lymph-node positive patients were enrolled. Among the 371 lymph-node positive patients, 22 (six patients with a previous or a concurrent contralateral breast cancer, two males with breast cancer, and 14 patients who underwent neoadjuvant chemotherapy) were excluded. Thus, 349 patients with lymph node-positive breast cancer were included. Among the 349 patients, 11 were treated with sentinel lymph node biopsy only because the frozen biopsy was negative, whereas permanent sections revealed positive findings.

We evaluated the 349 patients with lymph-node positive invasive breast cancer during a mean follow-up of 48 months (range, 12-78 months). These patients had been surgically treated with either a modified radical mastectomy or wide local tumor resection, with sentinel lymph node biopsy or axillary lymph node dissection, followed by postoperative radiation therapy. The need for adjuvant systemic therapy (chemotherapy and hormonal therapy) was determined according to axillary lymph node status, hormone receptor status, and menopausal status. All patients visited the hospital every 6 months for 5 years, then once per year.

Pathologic examination
----------------------

We analyzed the patient\'s clinicopathological data including age, tumor size, hormone receptor status, axillary lymph node status, nuclear grade, and presence of LVI. Diameter of the tumor was measured on pathological specimens that were hematoxylin and eosin (H&E) stained. Nuclear grade was identified by a modified Scarff-Bloom-Richardson grading system. Lymph nodes were stained with H&E and examined for tumor cell metastasis. Hormone receptor (estrogen \[ER\] and progesterone \[PR\] receptors) and HER2 status was determined by immunohistochemical (IHC) analysis using a tissue microarray \[[@B13]\]. The immunohistochemical analyses used an ER antibody (1D5; DAKO, Carpinteria, USA), a PR antibody (PgR636; DAKO), and a HER2 antibody (4B5; DAKO). Hormone receptors were considered positive if expression was ≥10%. The HER2 expression results by IHC analysis were scored as negative, 1+, 2+, or 3+, according to the manufacturer\'s recommendations. Patients with a score of 3+ were considered HER2 positive. HER2/chromosome 17 fluorescence in situ hybridization was performed on patients in which the IHC analysis score was 2+.

LVI was assessed on H&E-stained slides, as defined by Rosen and Oberman \[[@B6]\]. LVI was defined as carcinoma cells present within a definite endothelial-lined space, at a distance from the tumors, in the breast surrounding the invasive carcinoma. \[[@B6]-[@B8]\] That is, LVI must be assessed outside the boundaries of the main breast tumor (at least more than one high power microscopic field away) to avoid misinterpretation \[[@B9]\]. When interpretation results were vague, the immunostaining markers D2-40 and CD34 were used to confirm that LVI by H&E staining was truly present.

The clinicopathological data and systemic or locoregional treatment of the 349 patients are summarized in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. Clinicopathological data were analyzed according to the presence of LVI to establish the relationship between LVI and other factors.

Statistical analysis
--------------------

Correlations between LVI and patient clinicopathological data were analyzed with the chi-square test. Overall survival (OS), disease-free survival (DFS), and metastasis-free survival (MFS) rates were evaluated using the Kaplan-Meier method from the date of surgery to death, recurrence, or distant metastasis. Univariate analyses were performed with the log-rank test. Multivariate analyses were performed using the Cox regression model. A *p*-value\<0.05 was considered significant.

RESULTS
=======

The mean age of the patients at the time of surgery was 48 years (range, 23-78 years), and the median follow-up period was 48 months (range, 12-78 months). The number of distant metastases with or without locoregional recurrence was 61 (17.5%). The number of locoregional recurrences or distant metastases was 72 (20.9%). Thirty-six of 343 (10.3%) patients died because of breast cancer at the time of the study. Five-year OS, MFS, and DFS were 93%, 89.1%, and 87%, respectively.

LVI was present in 192 of 349 (55%) patients and was significantly associated with patient age ≤40 years (*p*=0.009), high histological grade (grades II and III, *p*=0.007), tumor diameter \>20 mm (*p*=0.001), number of involved lymph nodes ≥4 (*p*=0.001), and negative ER (*p*=0.001) tumors. But it was not related to tumor multiplicity, PR status, HER2 receptor status, or p53 status ([Table 1](#T1){ref-type="table"}). Patients with negative LVI tumors were more frequently treated with adjuvant endocrine therapy (52.5% vs. 47.5, *p*=0.001). Surgical treatment and adjuvant chemotherapy were not significantly associated with the presence of LVI ([Table 2](#T2){ref-type="table"}).

In a univariate survival analysis, both 5-year OS and 5 year DFS were significantly different in patients with or without LVI: 88.8% vs. 94.1% (*p*=0.007) for OS ([Figure 1A](#F1){ref-type="fig"}) and 76.4% vs. 90.9% (*p*\<0.001) for DFS ([Figure 1B](#F1){ref-type="fig"}). Furthermore, 5-year MFS was shorter in patients with LVI: 80.1% vs. 91.5% than those without LVI (*p*\<0.001) ([Figure 2](#F2){ref-type="fig"}).

In the univariate analysis, presence of LVI, tumor size (\>20 mm), high histological grade (grades II and III), number of involved lymph nodes (≥4), hormone receptor status (negative ER and PR), and HER2 receptor status (positive) were associated with poor DFS. But age, tumor multiplicity, and p53 status did not influence DFS ([Table 3](#T3){ref-type="table"}).

LVI was an independent prognostic factor for DFS in all patients (relative risk \[RR\], 2.59; 95% confidence interval \[CI\], 1.35-5.53; *p*=0.005). Furthermore, histological grade II (RR, 3.20; 95% CI, 1.00-10.65; *p*=0.049), histological grade III (RR, 4.12; 95% CI, 1.25-13.57; *p*=0.02), and a high number of involved lymph nodes (≥4; RR, 2.73; 95% CI, 1.35-5.53; *p*=0.003) were independent predictors in all patients. However, age, tumor size, hormone receptor status, and HER2 status were not significant independent factors ([Table 4](#T4){ref-type="table"}).

In the hormone receptor-positive group (n=218), positive LVI (*p*=0.021), number of involved lymph nodes (*p*=0.037) and histological grade III (*p*=0.023) were also independent factors for a poor prognosis ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

Previous well-designed studies have analyzed the prognostic factors in patients with invasive breast cancer. Axillary lymph node involvement, younger age, high histological grade, large tumor size, and negative hormone receptor status were significantly associated with a poor prognosis (DFS and OS) \[[@B1]\]. Previous studies have also shown that LVI is an independent poor prognostic factor in patients with invasive breast cancer \[[@B2],[@B3],[@B14]\]. Nevertheless, although LVI is an important prognostic factor in patients with lymph node-negative invasive breast cancer, its prognostic value in patients with lymph node-positive breast cancer is unclear and controversial \[[@B3],[@B9]-[@B11]\]. So, we report the analysis of the prognostic significance of LVI in a large cohort study of lymph node-positive patients with invasive breast cancer.

In our retrospective study, LVI was observed in 55% (n=192) of all patients (n=349), which was similar to other series of lymph node-positive cancer. LVI added prognostic information for patients with lymph node-positive breast cancer with a RR of 2.59 and a *p*-value of 0.003. These results contrast with those reported by Colleoni et al. \[[@B10]\] This discrepancy may be explained by the short-term follow-up period and analysis limitations in patients with 1 to 3 metastatic lymph nodes in their study.

In addition to LVI, our study demonstrated that high histological grade, number of lymph nodes involved, and both factors constituting the Nottingham Prognostic Index were other significant independent clinicopathological factors. Because LVI appears to be independent from these pathological factors, our results propose that LVI should be considered in the prognostic index for patients with lymph node-positive breast cancer as well as in the group of patients with lymph node-negative breast cancer \[[@B15]\]. However, tumor size and patient age were not significant independent prognostic factors in our study. This result may be explained by the shorter follow-up period compared to that in previous studies.

We also assessed whether LVI had an effect on the hormone receptor-positive subgroup of patients as an independent prognostic factor. This analysis was restricted to the large subgroup of 218 patients who were hormone receptor-positive. In this subgroup, with a RR of 2.48 and a *p*-value of 0.021, LVI was an significant prognostic factor in patients who were hormone receptor-positive. These results suggest that LVI and other pathological factors may be useful to determine the need for adjuvant treatment in some patients for whom adjuvant chemotherapy could be dangerous despite axillary lymph node involvement. Eventually this may be applicable to the elderly or fragile patients (patients with severe underlying disease) with other treatment options such as endocrine and trastuzumab therapy.

Our analysis had three limitations. First, our analysis had a short follow-up period, and it was retrospective in nature. Second, not all patients with HER2-positive breast cancer were treated with a trastuzumab-based regimen. Third, LVI was assessed by H&E staining, and the selective endothelial cell markers such as D2-40, CD34 were not used in the routine pathological evaluation, but use of such markers could potentially have improved the accuracy of detecting LVI \[[@B16]\].

In conclusion, this study emphasized the role of pathologic-almetastasis analysis in the prognostic evaluation of breast cancer, particularly those factors that cannot be subjected to molecular analyses, such as size, lymph node status, histological grade, and LVI. These pathological factors are useful to evaluate prognostic and predictive factors for more effective and convenient clinical decision-making tools during adjuvant treatment.

The presence of LVI was an independent significant prognostic factor in patients with lymph node-positive breast cancer as well as patients with lymph node-negative breast cancer. The existence of LVI alone cannot be used to decide to omit adjuvant chemotherapy in all patients with lymph-node positive breast cancer but, it may be considered in the adjuvant treatment decision in a specific subgroup of patients for whom chemotherapy is contraindicated. We suggest that patients with LVI-positive breast cancer require a shorter follow up and additional management.
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Clinicopathological data of patients
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LVI=lymphovascular invasion; NS=not significant; LN=lymph node; ER=estrogen receptor; PR=progesterone receptor.
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Locoregional and systemic adjuvant therapy
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LVI=lymphovascular invasion; MRM=modified radical mastectomy; RT=radiotherapy; BCS=breast conserving surgery; NS=not significant.
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Univariate analysis of disease-free survival and clinicopathological data
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DFS=disease-free survival; LVI=lymphovascular invasion; NS=not significant; LN=lymph node; ER=estrogen receptor; PR=progesterone receptor.
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Disease-free survival: multivariate analysis in the whole group of patients
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RR=relative risk; CI=confidence interval; LN=lymph node; LVI=lymphovascular invasion.
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Disease-free survival: multivariate analysis in the hormone receptor-positive group of patients
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RR=relative risk; CI=confidence interval; LN=lymph node; LVI=lymphovascular invasion.
